BACKGROUND: Disease management (DM) has been promoted to improve health outcomes and lower costs for patients with chronic disease. Unfortunately, most of the studies that support claims of DM's success suffer from a number of biases, the most important of which is selection bias, or bias in the type of patients enrolling.
INTRODUCTION
For over a decade, disease management -a system of coordinated interventions and communications for populations with conditions in which patient self-care efforts are significant 1 -has been promoted as a promising way to improve quality of care, improve health outcomes and lower costs for patients with chronic disease [2] [3] [4] . The concept underlying disease management is attractive, and both private insurers and public policymakers have been quick to embrace disease management programs 5 . Ample claims have also been made for the success of these programs [6] [7] . Unfortunately, there is very little evidence to support this optimistic view, in particular for the large-scale, population-based programs that are currently of most interest to purchasers 8 . Many studies that purport to support these claims are either anecdotal, involve highly selected patients in closed systems of care, or suffer from a number of biases, the most important of which is bias in the recruitment or enrollment of participants [9] [10] [11] . The issue of selection bias, which is the subject of this paper, is a straightforward one. Patients might be recruited into a program explicitly because they are likely to attain quality and cost benchmarks. More benignly, patients who are more likely to attain those benchmarks (e.g. because they are more engaged with their own care) might be differentially interested in signing up for disease management programs or plans that offer them 12 . In either case the result is the same: in order to ascertain whether disease management programs themselves, rather than patient selection, cause improvements in quality or health outcomes or reductions in costs, studies must be able to attribute the changes in endpoints to the intervention rather than confounding factors, including selection. Short of a randomized trial, rigorous observational designs are needed to answer this question. A commonly used approach in observational studies is to use the non-participants in the program as reference group. This requires controlling for both observable and unobservable differences between the "treatment" population in disease management and the comparison population. Observable factors include factors income and co-morbidity, while unobservable factors might include how well people currently self-manage, and their motivation to change their health habits. The fact that most studies trumpet positive results without accounting for such factors speaks to the heterogeneous quality of research in the disease management field 11 . Indeed, a recent review found only one large-scale study of a population-based disease management program that used a rigorous quasi-experimental design 8 .
This paper demonstrates that failure to address selection is a serious shortcoming in the literature: those who voluntarily enroll in a large-scale, population-based disease management program are very different from those who choose to not enroll. Studies that evaluate the effectiveness of disease management programs must account for these differences in order to have validity. This paper quantifies the differences between the groups who do and do not enroll, and should be useful to those who are interested in evaluating the effectiveness of disease management programs.
METHODS

Study Population
The population from which the study population was identified consisted of a sample of 60,048 members of a large health plan who were identified through claims as having asthma, diabetes, or congestive heart failure, and who were considered to be at high risk for incurring high costs. Risk for high costs was assessed using a model developed by the health plan: patients in the top fifth of predicted costs based on their use patterns and diagnoses were eligible to be invited to enroll in the disease management program. (Characteristics in the models included inpatient stays, ER visits, outpatient encounters, and numbers of prescriptions.) Patients were excluded from study eligibility if they had another co-existing serious illness. Taken together these eligibility criterion were designed to produce a set of relatively homogeneous study populations.
The insurer randomly selected half of this population for enrollment in the initial phase of their disease management program (leaving approximately 30,000). We excluded 2,800 people for whom there was less than a full year of enrollment data. The resulting population included 12,236 diabetics, 5,315 patients with congestive heart failure (CHF) and 9,660 patients with asthma. We stratified our analyses of asthma patients into two groups: ages <20 years and ages 20+ years, both because of the bi-modal distribution of cases by age and because for the younger age group, the patient's parents are the ones who would actually receive the health coaching. After the patient populations were identified, the "health coaching" staff began the process of enrolling patients in the disease management program. Health plan enrollees were sent a letter inviting them to enroll and were then recruited by telephone. The insurer faced a number of barriers to enrollment including incomplete address and telephone information and patients who did not accept or return phone calls. Less than one percent of patients explicitly refused to participate in the program (92 Diabetes, 38 CHF, and 43 Asthma). However, after six months of enrollment efforts only 9.4% of the overall group targeted for enrollment had received one or more health coaching calls. We consider this the group enrolled in the disease management program.
The original intention of our study was to evaluate the effectiveness of the program by comparing the intervention and control groups. Due to the low percentage (9.4%) of intervention group members that actually enrolled, we instead focused on the differences between those who were successfully enrolled and those who were not. We explore the differences between these two groups in terms of demographics, health care costs, utilization, and quality indicators in the one-year period prior to the disease management program implementation.
Data Sources and Measures
The insurer provided us with three types of administrative data: health coach call records, health plan eligibility data and claims data. The use of these data was approved by RAND's institutional review board and protected under data use agreements. As described above, we used the call records to determine which patients received a coaching call and which refused to participate. The eligibility data included names, addresses, age, gender, region, and plan type [health maintenance organization (HMO), point-of-service (POS), preferred provider organization (PPO), and fee-for-service (FFS)]. We used the patients' last names and addresses to impute race/ ethnicity and median household income via Census block group geocoding and surname analysis using methods described by Fremont et al. 13 and Elliott et al. 14 . Surname analysis was first used to identify members with a high probability of being Hispanic or Asian; then a Bayesian algorithm was used to impute race/ethnicity using this information and data from the 2000 census at the block group level 15 . Census block groups correspond to a small neighborhood of approximately 1,000 people; median household income was also obtained at the block group level. If an address was invalid or missing, geocoding was not possible. Ultimately, we lacked income information for 9%, and lacked ethnicity information for 8% of the people eligible for health coaching. (A smaller percentage was missing ethnicity since surname analysis is used to determine ethnicity as a first pass.) We used the claims data for the 12 months before the start of intervention to tabulate costs in mutually exclusive categories based on where services were incurred: office/outpatient, inpatient, emergency department, drug and other (other includes home, subacute, ambulance, lab, and other). Similarly, for utilization, we tabulated any inpatient utilization (yes/no), number of inpatient days per event, number of emergency department visits, number of office visits and number of prescriptions filled. Costs were summed and are presented on a per-person per-eligible month (PMPM) basis; utilization is presented per-person per-year (PMPY). Costs were taken from the "allowed amount" fields on the claims and include both enrollee and insurer payments.
Using the claims data we also computed HEDIS® quality scores (ratios) for the year prior to the start of the intervention 16 .
We calculated six quality ratios, four for diabetes and one each for CHF and asthma: the numerator of each ratio was defined based on the HEDIS® criteria, and the denominator was the eligible population. Diabetes quality ratios were the proportions of individuals receiving LDL-C screening, eye exams, urine tests for microalbuminuria, and HbA1c testing. The other two quality ratios were the proportion of asthmatics with prescribed medication for long-term asthma control and the proportion of CHF patients with prescribed beta blocker medication.
Analysis
We compared the demographics, health care costs, utilization, and quality scores of two groups: those who were successfully contacted and enrolled in the intervention, and those who were not. Specifically, we compared total costs, breakdowns of costs and utilization counts by type of service, and HEDIS® quality scores for the year before enrollment in the disease management program. We also examined the extent to which differ-ences between the two groups can be "controlled" for using standard regression analysis and the types of demographic factors typically available to researchers evaluating disease management programs. We used a Chi-square test to compare demographic characteristics such as gender, ethnicity, region, and plan type, between those who did and did not receive the intervention. Similarly, we used the Chi-square test to compare inpatient events and HEDIS® quality ratios between the two groups. We used the Wilcoxon rank-sum test to compare continuous variables such as age, income, cost measures, and utilization measures because of the skewed distributions of these variables. When comparing ethnicity and income between the two groups, we calculated differences only for people with non-missing values. All p-values are two-sided.
To estimate the independent effects of demographic variables, plan type, and prior utilization on enrollment in the program, and to assess their predictive power, we fit logistic regression models. Co-variates included age, gender, race, income, plan type (FFS/ PPO vs. HMO/POS), HEDIS® numerator(s) in the prior year (e.g., for asthma this is an indicator variable of whether they received a prescription for appropriate long-term asthma control), any inpatient event, any ER event, number of office visits, and number of prescription fills (both office visits and prescription fills are modeled as tertiles). The Hosmer-Lemeshow test and cstatistic were used to assess the model fit and the importance of observable and unobservable characteristics to the receipt of health coaching. Analyses were performed using SAS version 8.2 (SAS Institute Inc., Cary, USA).
RESULTS
Comparisons of demographic characteristics by health coaching status are provided in Table 1 . Among enrollees with diabetes and adult asthma, those who received health coaching were significantly older than those who did not. Similarly, for CHF, recipients of health coaching were in older age groups than those not receiving any health coaching calls (p=0.02), but this difference was not found in those 75+ years of age. In contrast, for child asthma, parents of younger patients were more likely to receive health coaching. For all disease groups with the exception of child asthma, females were significantly more likely to receive health coaching. For diabetes, whites were significantly more likely to receive health coaching (p< 0.001) whereas, blacks were significantly more likely to receive health coaching for CHF (p<0.001). For all three disease groups, participants in HMOs were significantly more likely to be enrolled in the disease management program (although for adult asthma the p-value is only marginally significant (p= 0.07)).
For all three disease groups, office/outpatient, drug, and total costs were significantly higher in the baseline year prior to the commencement of the disease management program for those who later ended up enrolling in the program compared to those who did not. Cost differences ranged from a low of $11 PMPM for child asthma to a high of $227 PMPM for CHF (Table 2) . Regarding utilization for all disease groups, the number of office visits and prescriptions filled were significantly greater (p <0.001) for those who later received health coaching. Diabetes and CHF coaching recipients had on average three more office visits per year in the year prior than those who did not enroll in the health coaching program (for asthma the differential is two visits) and nine to eleven more prescriptions per year. CHF health coaching recipients had significantly higher percentages of any inpatient utilization (p= 0.04) while adult asthma health coaching recipients also had higher frequency of any inpatient utilization, but this difference is only marginally significant (p=0.06).
Those who later received health coaching had significantly better quality of care in the year prior to enrollment than those who did not (Table 3) . For LDL-C tests, enrollees in disease management were seven percentage points more likely to have the test than those not enrolled (0.60 vs. 0.53). Similarly, for receipt of HbA1c tests, the differential is nine percentage points. For beta-blocker medications in the CHF group, the differential is +7 percentage points and for long-term control medications in the asthma groups, the differentials are +11 and +8 percentage points for the <20 and 20+ age groups respectively.
Overall, the multivariate logistic regression models reinforced the bi-variate findings. Age and gender continued to be significantly associated with the receipt of health coaching in the multivariate framework as did race/ethnicity for diabetes and CHF. For diabetics, receipt of an HbA1c test in the prior year is strongly associated with health coaching, as is receipt of prescriptions for control medications for adult asthma. The associations between prior office visits, drug utilization, and enrollment in health coaching remain constant for all three disease groups. It should be noted, however, that while the Hosmer-Lemeshow statistics indicate acceptable fit, these models do not adequately predict enrollment well -i.e., their "r-squared" values and c-statistics are not high. Ideally the cstatistics should be above 0.70, but in our models they range from 0.63-0.65 -indicating that there are other, unobservable characteristics associated with the receipt of health coaching. We also examined this difference in a multivariable framework and found that even after controlling for age, gender, ethnicity, and plan type, those who enrolled in the disease management program were already receiving better care prior to enrollment than those who did not (results not shown).
DISCUSSION
Our results indicate that selection is an important issue in explaining outcomes of disease management programs, and suggest that analyses of disease management programs that do not carefully control for selection are likely to present overly positive findings about their effectiveness. When comparing utilization, costs, and quality of care in the year prior to the start of a disease management program for health plan members with asthma, diabetes or congestive heart failure, we found significant differences in demographics, cost, utilization and quality parameters at baseline for those who did and did not enroll. If these differences had instead been reported a year after initiation of the program, rather than the year before, the program might have been deemed a success, particularly because the participants exhibited utilization patterns that were commonly ascribed to disease management programs. Those who enrolled later were older, had significantly higher outpatient and pharmacy utilization, and associated health care costs, as well as a higher quality level of care. The fact that patients were more likely to satisfy HEDIS® criteria before they were enrolled in the program suggests that favorable selection of patients into disease management programs poses a methodological issue that must be addressed in the evaluation of disease management programs. In addition, it is important to note that this effect remained even after controlling for demographic characteristics, including some that are not traditionally captured in administrative data (e.g., income, race/ethnicity) and thus not included when evaluating programs.
We offer several alternative explanations for these findings. First, it is possible that those who enrolled in disease management were sicker, as reflected in higher utilization and drug costs, and that their greater utilization afforded them more opportunities to receive recommended elements of care. Second, it is possible that those who could be contacted for potential enrollment were not only older but in more stable life situations, providing another explanation for more medication refills and better quality of care. Alternatively, it is possible that those who enrolled already took better care of themselves, with more follow-up visits and better medication adherence. This unobservable attribute, which we might call motivation, may explain why some patients were more willing to accept the offer to participate in a disease management program. In addition, the low uptake rate itself may have contributed to the differences. We would have liked to compare the enrollment response rates achieved by this insurer to those of others. However, outside of small, carefully controlled experiments testing disease management strategies, most studies do not report these rates. Finally, the intervention lacked clear patient and provider involvement in decision-making, which the literature suggests are important elements in successful disease management programs, and this may have contributed to the low uptake of the program 17 . The data do not necessarily favor one explanation over another. However, they clearly suggest that those who enrolled systematically differed from their counterparts who did not. A common evaluation approach that disease management vendors, and the companies that purchase their services, have relied on is to compare costs, utilization, and quality of care for program enrollees to those who do not enroll and/or were not eligible to enroll. As we have demonstrated, this strategy could result in to misleading conclusions and calls into question whether the positive outcomes attributed to these programs have been overstated. Fortunately, there are approaches to the evaluation of disease management programs that can, at least partially, avoid these potential biases. While conducting randomized, controlled trials of disease management programs utilizing an intent-to-treat perspective is the best evaluation method, this is rarely feasible in the business world. However, other statistical methods may be used to control for observable and unobservable differences between the intervention and the control groups 11, [17] [18] [19] . An approach that does not rely on statistical modeling considers all program eligible members as the treatment group, regardless of whether or not they actually enroll, and use the non-eligible members as a comparison group 20 .
There are a few potential limitations to our study. First, the insurer had significant difficulty reaching its members because of incorrect contact information. It is possible that with more complete and accurate contact information, some of the differences in unobserved variables might be lessened. However, based on discussions with other health plans and disease management vendors, we do not believe this problem to be unique to the health plan in this study. Second, this study used a definition of enrollment in disease management that may differ from some in the field. While we required a call with a health coach to define enrollment, other practices may simply consider all of those that received a mailing to be enrolled. It is also possible that the use of geocoding and surname analysis, which we used to estimate race/ethnicity and income, introduced biases and weakened our ability to control for those factors. However, this seems unlikely given reports that indirect measures of race/ethnicity and income, as calculated in this analysis, perform approximately as well as direct measures in assessing quality 13 .
Our findings should be of use to those who purchase, participate in, and evaluate disease management programs. They point to the importance of rigorous evaluation of such programs: any results that do not account for these factors may be misstated. We hope that these findings promote more discussion of the value of disease management and encourage those who purchase disease management services to require rigorous evaluations.
